In a national study of births to farmers in Norway, grain farming was associated with short gestational age (21-24 weeks). An impact of selective fertility and maternal heterogeneity on the association was suspected but could not be assessed further in a traditional birth-based design. Thus, analyses based on the mother as the observational unit were performed. A total of 45,969 farmers with a first birth in 1967-1981 were followed for subsequent births and perinatal mortality. A perinatal loss increased farmers' likelihood to continue to another pregnancy, but this selective fertility was less dominant than in the general population due to a higher baseline fertility. The effect of the mother's reproductive history on the grain farming-midpregnancy delivery association was analyzed in 59,338 farmers with more than one single birth in 1967-1991. A history of preterm birth (<37 weeks) in previous or subsequent pregnancies both was an independent determinant of midpregnancy delivery and also increased the effect of grain exposure. Nongrain farmers with a history of only term births had 1.3 midpregnancy deliveries per 1,000 births; grain farmers with a history of only term births had 1.8 cases per 1,000 (odds ratio (OR) 1.4, 95% confidence interval (Cl) 1.0-1.9); nongrain farmers with a history of preterm birth had 6.8 cases per 1,000 (OR 5.5, 95% Cl 4.0-7.6), whereas grain farmers with a history of preterm birth had 13.7 cases per 1,000 (OR 11.0, 95% Cl 7.7-15.9). Selective fertility had only a marginal impact on the association. The study demonstrates that a maternally based design can contribute in the assessment of joint effects of environmental and maternal factors. Am J Epidemiol 1997;145:817-25. agriculture; effect modifiers (epidemiology); environmental exposure; epidemiologic methods; fertility; gestational age; reproductive history
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In a study of perinatal outcomes in births to fanners, we found that birth in midpregnancy (gestation weeks 21-24) was associated with grain farming; the results support the hypothesis of a labor-inducing effect of mycotoxins from grain field fungi. In a traditional analysis based on the pregnancy as the unit of observation, we were unable to account for the mother's reproductive history, although we suspected a selective fertility effect as well as biologic heterogeneity since the association between grain farming and midpregnancy delivery was stronger for high birth orders and multiple pregnancies (unpublished results).
The tendency for a woman to replace a perinatal loss causes selective fertility (1) . In populations in which birth control is common, women with a previous loss tend to be overrepresented at higher birth orders. Because a previous loss is associated with perinatal loss in subsequent pregnancies, this selection process will inflate fetal and infant mortality at high birth orders, as observed in cross-sectional studies with the birth as the observation unit (1) . The impact of selective fertility on birth order-specific perinatal mortality can be estimated in a longitudinal design with the mother, rather than the birth, as the unit of observation; this has been quantified in the Norwegian population by Skjaerven et al. (1) . A mother-based design has also been suggested in the study of environmental reproductive hazards (1) . Provided that an adverse reproductive effect of an environmental hazard is stronger among women with a history of perinatal loss (i.e., stronger than an additive effect), the effect of exposure may be exaggerated by selective fertility (1) . The impact of a greater number of births among the exposed women can be controlled in a cross-sectional design by standardizing for birth order, but this will not be adequate to assess the effect of potential heterogeneity present in higher birth orders. It is important to clarify such potential interaction between an environmental agent and an endogenous factor, not only to avoid the bias of selective 818 Kristensen et al.
fertility but also to understand the mechanisms involved.
In the present report, births to farmers were established with the mother as the unit of observation. The extent and impact of selective fertility on perinatal mortality in farmers were compared with results reported for the general population of Norway (1). Another purpose was to examine the influence of the mother's previous and subsequent reproductive history on the association between the exposure factor in grain and the duration of pregnancy. To our knowledge, the impact of the mother's reproductive history on the adverse effects of environmental exposures in a longitudinal mother-based design has not been reported. Therefore, we considered it important to compare results in the cross-sectional (birth-based) and longitudinal design.
MATERIALS AND METHODS
The linkage between and within registers used in this study was made possible by the unique national identification number assigned to all residents of Norway. All farm holders born after 1924 were identified in the five agricultural or horticultural censuses performed by Statistics Norway between 1969 and 1989. The farmers' spouses were identified in the Central Population Register. The resulting file of farmers and spouses was linked to the Medical Birth Registry of Norway, identifying 113,949 women born after 1924 with a total of 192,417 births in 1967-1991. The Medical Birth Registry of Norway contains information on all births since 1967 with 16 or more completed weeks of gestation (2) . The birth records include identification of both parents and information on maternal health, pregnancy, and birth. The registry also includes maternal records, which are aggregates of all birth records pertaining to each mother.
The agricultural censuses provided the basis for the exposure indicators that were assigned to the births. The census information closest to the time of conception was linked to each birth. Twenty-six percent of the births occurred in families that cultivated grain. We also used the annual reports from the Norwegian Grain Corporation for the harvest years between 1966 and 1991, which provide information on climate and grain crop quality in the main grain regions (southeast and middle Norway), where 95 percent of the grain is produced. The corporation characterized the harvest quality for each season and each region into three levels (high, medium, and poor), which indicated a low, medium, and high probability of field fungi growth and mycotoxin formation in grain. These categories were assigned to each birth according to the location of the farm and the date of birth.
Selective fertility in farmers was compared with that of the general population, as reported earlier (1); the analysis file was therefore established according to Skjaerven et al. (1) . By means of the mother's identity, we created maternal records by adding subsequent births to 45,969 single first births in 1967-1981. Maternal records including multiple births were excluded. The maternal records were allocated to cohorts according to the year of the first birth: Mothers whose first birth was in 1967-1971 were followed for subsequent births through 1979; first births in 1972-1976 were followed through 1984; and those with a first birth in 1977-1981 were followed through 1989. The followup period of the latest cohort was 5 years longer than that of Skjaerven and coworkers (1). Follow-up was restricted to birth orders less than five. A birth was classified as a perinatal death if it ended as a late abortion (gestational age 16-27 weeks), a stillbirth (gestational age 28-46 weeks or unknown), or early neonatal death (the first week of life). The outcome was expressed as perinatal mortality (perinatal deaths per 1,000 at risk). Fertility was based on the occurrence of all subsequent births registered in the Medical Birth Registry. Birth order was defined from the mother's report at the first delivery and from the date of birth for the remainder. All births (n = 108,524) were stratified according to birth order, the outcome of the previous birth(s), and the period of the first birth. The proportion of women who continued to another pregnancy is referred to as the "continuation proportion." The continuation proportion of women with no perinatal death was considered as baseline fertility and was compared with women who had one or more previous perinatal deaths as a ratio. The continuation ratio is a measure of the strength of selective fertility. Birth order-specific and total perinatal mortality were adjusted for the effects of selective fertility according to Skjaerven et al. (1, appendix 1) . Continuation proportions, continuation ratios, and the birth order-and period-specific impact of selective fertility on perinatal mortality were compared for farmers and previously published (1) results for the general population.
In the study of the impact of reproductive history on the effect of the grain factor, we established maternal records of single births of known gestational age and birth orders lower than five in birth sibships that included more than one birth in 1967-1991. Thus, a total of 59,338 maternal records with 140,568 births was left for further analysis; 46,064 records included birth order one, whereas the remaining 13,274 mothers had additional births before 1967. The exposure indicators used were grain farming (yes/no) and grain harvest quality (high, medium, poor; restricted to southeast and middle Norway). The outcome variable Environmental Factors and Reproductive History 819 was a delivery in weeks 21-24 of gestation (yes/no). The indicator of maternal exposure susceptibility was one or more preterm births (<37 gestation weeks) in previous or subsequent pregnancies (termed "preterm history" or "term history"). In the classification of the susceptibility factor, information on gestational age of single births beyond birth order four was also used.
All analyses were performed with the Epicure statistical software program (3) and were based on birth order-specific contingency tables produced in the DATAB procedure. In the study of the grain factor, we used odds ratio (OR) estimates as an approximation of relative risk. We stratified the contingency tables and fitted logistic regression models for period, region, type of municipality (agricultural or not), and maternal age. As these factors did not add substantially to the interpretation of the results, the crude OR estimates are presented throughout. However, summary results across birth order were adjusted for birth order. Approximate 95 percent confidence intervals (CIs) served as measures of the stability of the point estimates.
RESULTS

Selective fertility
The fertility for various strata of birth order and previous perinatal outcome is shown in table 1. The baseline continuation proportion (for farmers without a perinatal death) decreased from 0.88 to 0.44 and 0.20 after the first, second, and third births, respectively. For all birth orders, women with a previous loss were more likely to go on to another pregnancy; the continuation ratio was only 1.05 after first births, increasing to 1.8-1.9 after second births and 2.0-3.8 after third births.
Perinatal mortality in the different strata are also shown in table 1. For birth orders two to four, there was a sharp contrast, with a low perinatal mortality for women with no previous loss and two-to eightfold increased perinatal mortality among women with a previous loss. For birth order four, some of the strata included few mothers; for all fourth birth mothers with a previous loss, the perinatal mortality was 43.6 per 1,000 as compared with 16.0 per 1,000 for mothers with no loss from any of the three previous births.
We examined grain farmers separately for all strata of birth order and reproductive history: They had lower continuation proportions and slightly higher perinatal mortality than in all farmers in almost all strata (data not shown). The baseline continuation proportions for grain farmers decreased from 0.83 after first births to 0.14 after third births, and selective fertility was stronger than in all farmers except after the first birth. Grain farmers with no previous loss had a continuation ratio of 2.1 after second births (all farmers, 1.8) and 2.6 after third births (all farmers, 2.2).
The continuation proportions for all farmers, stratified on period of the first birth, are presented in table 2. The continuation proportions were not very different from the total in any of the three periods, and there was no clear time trend. For women with no previous loss, mothers with a first birth in 1967-1971 had only moderately higher continuation proportions of additional births than mothers who had a first birth in the later periods; and mothers with their first birth in 1977-1981 had marginally higher continuation proportions than mothers with a first birth in 1972-1976.
The perinatal mortality declined over time, as shown in table 3. For birth order one, the main decrease was between 1972-1976 and 1977-1981 ; for birth orders two and three, mortality decreased markedly between the first and the second periods, but not between the second and the third periods; for birth order four, mortality decreased steadily during the entire period. To adjust for the effect of selective fertility on perinatal mortality, adjusted mortality was calculated, based on the assumption that mothers with a history of earlier loss had the same continuation proportions as mothers with no previous loss (1, appendix 1). The lower adjusted mortality obtained was close to the observed values for second births in all time strata. For birth order three, the observed mortality was 4.4 percent higher than the adjusted values; this increase was restricted to the first two periods. In contrast, the difference between observed and adjusted mortality was 15.1 percent for birth order four, as the relative difference increased from 7 percent in the first period to 34.4 percent in the last period.
Effects of exposure to grain hi total, 266 mothers experienced 277 midpregnancy deliveries (2.0 per 1,000); six nongrain farmers and five grain farmers had two midpregnancy deliveries. The proportions show a slight U-shaped pattern by birth order (table 4). The proportion of midpregnancy deliveries among grain farming mothers was increased by 56 percent; this increase was moderate (OR 1.31-1.53) for birth orders one through three and nearly fourfold for birth order four.
Stratification on previous or subsequent reproductive history revealed, as expected, that the proportion of midpregnancy deliveries differed by preterm history. For different birth orders, nongrain farmers had 1.0-1.5 cases per 1,000 in the term history stratum and 3.8-8.2 cases per 1,000 in the preterm history stratum ( four was the only stratum with a substantial increase. Grain farmers with a preterm history had 13.73 midpregnancy deliveries per 1,000; the risk was doubled (OR 1.99, 95 percent CI 1.31-3.01) and was strongest for birth orders one and four. The combined effects of preterm history and exposure to grain were also calculated in a model with interaction terms, using the nongrain and term history category as reference. The OR estimate in the grain-term history stratum was as shown in table 4, 5.49 (95 percent CI 3.99-7.55) in the nongrain-preterm history stratum and 11.04 (95 percent CI 7.65-15.93) in the grain-preterm history stratum. The results in table 4 are based on information on exposure from the census closest in time to the conception. Analyses were also performed on the basis of information on exposure for the first recorded birth, or if the mother was ever exposed to grain, or if she was exposed at all births. Since 89 percent of those ever exposed were always exposed, this provided little additional information, and the results were only marginally different from those presented in table 4 (data not shown).
The number of births to mothers exposed to grain in the different strata in table 4 reveals that grain farming affected 29 percent of first births and only 20 percent of fourth births. The decline was stronger for births with a maternal term history (from 29 to 19 percent) than for births of mothers with a preterm history (from 27 to 23 percent). To assess the effect of selective fertility, we recalculated the OR estimates for grain farming on the assumption that the proportion of births to mothers exposed to grain was similar to that of the birth order one-term history stratum, irrespective of birth order and preterm history status. The summary OR in the term history stratum changed from 1.41 (table 4) to 1.44, and that in the preterm history stratum remained unchanged.
Analysis of the effect of harvest quality revealed an overall moderate effect for high and medium harvest quality, whereas the poor harvest quality had 4.99 midpregnancy deliveries per 1,000 and a threefold increased OR (table 5) . Results stratified on reproductive history indicated a dose-response pattern among mothers with a term history, whereas mothers in the grain-preterm history stratum had a substantial increase in risk, irrespective of harvest quality, although the medium and poor quality levels were based on small numbers.
The gestational week distribution for all births was calculated for the four groups classified by reproductive history and grain farming (figure 1). As expected, the two groups with a preterm history had considerably shorter gestation duration than the groups without a preterm history. The distributions of the preterm history groups appeared to be bimodal, including a peak in the left-hand tail in weeks 21-22. This early peak was particularly high in the grain-preterm history • Analysis restricted to women with more than one single birth during 1967-1991; harvest quality classified only for grain farmers in southeast and middle Norway, t OR, odds ratio; Cl, confidence Interval. $ Only term births (237 weeks of gestation) in previous or subsequent pregnancies. § Preterm blrth(s) In previous or subsequent pregnancies.
group; during weeks 20-25, the relative difference was larger between the grain-preterm history group and the nongrain-preterm history group than the difference between the latter and the two no preterm history groups. Whereas a clear effect of exposure to grain was evident and extended until week 32 in the preterm history group, the effect in the term history groups was not impressive and included only weeks 22 and 23.
DISCUSSION
Selective fertility
As in the general population (1), female farmers in Norway with a previous perinatal loss tend to have higher continuation proportions. The perinatal mortality for specific strata of previous reproductive history was comparable to that of the general population (1) and was increased by several times for mothers who had experienced an earlier loss in comparison with those who had not. Thus, the higher perinatal mortality observed at high birth orders might be due partly to selective fertility.
In some respects, female farmers differ from the general population. The main difference is a higher probability of having a second and third birth among mothers who had no previous loss (baseline continuation proportion). Whereas the baseline proportion in the general population was 0.76 after the first birth and 0.30 after the second birth (1), the corresponding proportions among farmers were 0.88 and 0.44; farmers also had a higher continuation proportion after a third birth, but the difference was smaller (0.20 vs. 0.17 (I))-
The differences were due mainly to a different secular fertility trend; whereas the general population had a marked decline in continuation proportions from 1967 through 1984 (1), such a trend appeared to be virtually absent in the farming population. The differences in selective fertility between the general population and farmers can be reasonably explained by sibship size desire (4) .
As a consequence, the observed perinatal mortality among farmers can be explained to a lesser degree by selective fertility, especially for second and third births. Under the assumption that the fertility for all women was equal to women with no previous loss, the total observed perinatal mortality in the general population was increased by about 2 percent due to selective fertility (1), compared with 1 percent among the farmers.
In the general population, the part of the observed perinatal mortality explained by selective fertility increased markedly in relative (but not absolute) terms between 1967 and 1984 (1). We found no such increase for second and third births among farmers, but there was an increase over time for fourth births.
In reproductive epidemiologic studies, it is important to recognize different reproductive patterns across Gestational age (weeks) population groups. These differences also should be taken into account when the impact of selective fertility is assessed.
Effect of exposure to grain
The results suggest heterogeneity in the effect of grain farming on midpregnancy delivery, depending on whether the mother had a preterm delivery in previous or subsequent pregnancies. The effect was stronger in both absolute and relative terms for mothers with a preterm history than for those without. Examination of the impact of regional and seasonspecific climate conditions and grain quality, which was used as an indicator of mycotoxin level, showed additional differences between mothers with and without a preterm history: For births of mothers with a term history, the results indicate a dose-response pattern for decreasing harvest quality, whereas a more uniform effect was seen on births to mothers with a preterm history. The credibility of the modifying effect of a preterm history on the grain-midpregnancy delivery association is strengthened by the distributions of gestation duration shown in figure 1 ; the effect of exposure to grain in the preterm history stratum not only was stronger but also extended over gestational weeks 20-32.
A biologically plausible explanation is that a maternal factor that increases the probability of preterm birth also increases the susceptibility to the exposure factor in grain farming. The results are in accordance with the mycotoxin hypothesis: The risk is dependent on the mycotoxin level for mothers without the maternal susceptibility factor, whereas mothers with this factor are at increased risk even at low levels. This interpretation is also consistent with an increased effect of the grain factor in multiple pregnancies, which could be considered a pregnancy-specific susceptibility factor. These interpretations must be evaluated with caution, however, as only crude proxies of true exposures were available; and even if some mycotoxins induce labor and are strong reproductive toxicants in domestic animals (5) , no measurements of occupational exposures are available. Other interpretations are also possible, e.g., that the exposure factor had a long-term effect on the mother. We were not able to explore this further because few grain farmers (11 percent) changed into other types of farming.
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We considered the possibility that the grainmidpregnancy delivery association was biased by selective fertility. Grain farmers had a reproductive pattern closer to that of the general population than other farmers, and selective fertility was stronger than for all farmers. Intuitively, we believe that selective fertility could not be responsible: The grain effect was present in all birth orders, and first births were influential in the summary results. The proportion of grain farmers declined with increasing birth order, but more so for births to mothers with a term history than to those with a preterm history. The combined bias that could result was assessed by recalculating the data in table 4 under the assumption that the proportion of births to grain farmers did not change. This procedure resulted in only marginal changes in the OR estimates.
The preterm history variable is likely to be an imperfect indicator of true exposure susceptibility. Besides, complete reproductive histories were not available, so that an unknown fraction of those classified as having a term history had preterm births before 1967 or after 1991. Misclassification of covariates will bias the exposure-outcome association and may induce false heterogeneity (6) . However, it can be shown that covariate misclassification will attenuate true heterogeneity given that the misclassification of the covariate is nondifferential with regard to exposure and outcome and that the exposure occurrence is similar in different strata of the susceptibility indicator (as in our situation). Therefore, false heterogeneity is not a likely explanation of the differing grain effect in the term and preterm history strata. However, it is likely that misclassification of the susceptibility indicator inflates the true risk estimate of grain farming in the term history stratum. The gestational age distribution (figure 1) could suggest that the limited grain effect in the term history stratum was fortuitous. This suggestion is strengthened by the fact that the interpretation of an effect that involves only a few gestational weeks is biologically obscure; however, the clear doseresponse gradient with harvest quality contradicts this.
Use of the mother as the observation unit offers some advantages over the traditional birth-based study in research on environmental exposures and adverse reproductive events. The main advantage is that the relations between susceptibility factors linked to reproductive history and environmental exposures are easier to study. The relation between such effect modifiers and exposures is important to disclose the true nature of the exposure effect and will provide an additional opportunity for mechanistic interpretations of the effect. Studies restricted to first births have been proposed to eliminate problems due to selective fertility (1); however, the heterogeneity of adverse reproductive events in primiparous women will not be identified in studies based on first births. Only the inclusion of subsequent births will provide this information (i.e., the impact of later preterm births on the proportion of midpregnancy deliveries at first births, table 4). Also, the effect of selective fertility can be controlled in studies based on mothers. However, due to the small total impact of selective fertility on perinatal mortality, selective fertility is unlikely to have much impact on the association between environmental exposures and adverse reproductive outcomes.
Maternally based studies may involve some problems related to their establishment and administration. It is also easier to run into power problems; mothers with only one identified birth will not provide information on reproductive history, and inclusion of very high birth orders adds to the computational problems. Studies restricted to single births will not reveal effects in multiple pregnancies, as in the present population.
In conclusion, there are arguments in favor of performing analyses based on both the birth and the mother.
